Abstract. Interstellar extinction is investigated in a 1.5 square degree area of the Cepheus Flare in the direction of the dark cloud TGU 619 at ℓ = 102.5
INTRODUCTION
In our earlier paper (Zdanavičius et al. 2009b , hereafter Paper I) we determined magnitudes and color indices in the Vilnius seven-color photometric system for 1304 stars in a Cepheus Flare area limited by the coordinates: RA from 20:34 to 20:46 and DEC from +67:10 to +68:25, down to V ≈ 16.6 mag. This area is located in the direction of the dark cloud TGU 619 (Dobashi et al. 2005) , corresponding to the Lynds (1962) clouds LDN 1147 LDN , 1148 LDN , 1152 LDN , 1155 LDN , 1157 LDN and 1158 . The published catalog for most of the stars also contains two-dimensional spectral types determined from multicolor photometric data by interstellar reddening-free methods. The nearby area located around the reflection nebula NGC 7023 about 1.5
• to the left was investigated in our earlier papers (Zdanavičius et al. 2008 (Zdanavičius et al. , 2009a .
In the present paper, the classification results of Paper I for a part of stars were slightly modified, applying additional classification with a larger number of standard stars. The final spectral and luminosity classes are used to estimate intrinsic color indices and absolute magnitudes of stars, and to calculate their interstellar reddenings, extinctions and distances. Applying 658 stars with most Dobashi et al. (2005) atlas and the stars down to V = 15 in the background. The stars are plotted by the Chartes du Ciel (Sky Charts) software 1 from the UCAC3 catalog supplemented with Tycho 2. The blue lines limit two most transparent (T1 and T2) and the dark subareas (D).
reliable classification, we investigate the distribution of the interstellar extinction with distance. In Section 2, we introduce shortly the classification methods used for determining the spectral types, and calculate interstellar reddenings and extinctions of the stars. The distribution of interstellar dust in the area is discussed in Section 3. The summary of the results is given in Section 4.
TWO-DIMENSIONAL PHOTOMETRIC CLASSIFICATION, INTERSTELLAR EXTINCTIONS AND DISTANCES
For the classification of stars a few different codes were used. 1. The COMPAR code, based on the σQ method described by Straižys et al. (1992 Straižys et al. ( , 2002 . The method uses matching 14 different interstellar reddeningfree Q-parameters of a program star to those of several thousand standard stars (from 8000 to 13 000) of various spectral and luminosity classes, metallicities and peculiarity types.
2. The xqKLAS code, based on the xq-method described by Zdanavičius (2005) . The method is based on a new concept of reddening-free parameters (q) and a 'virtual' quantity of the interstellar dust (x).
3. The TINKLAS code, which classifies stars using six Q i vs. Q j diagrams (Straižys 1992) . Each of them is formed from two reddening-free Q-parameters and calibrated in terms of spectral classes and absolute magnitudes.
Spectral and luminosity classes determined by the three methods for each star were weighted and averaged. Additionally, in some complicated cases, we used various two-color diagrams, combined with the intrinsic sequences of different luminosity classes, trying to avoid ambiguity of spectral or luminosity classes. The infrared J-H and H-K s color indices from the 2MASS survey were helpful for the recognition of K and M dwarfs. Table 1 lists 658 stars with the most reliable classification, most of them are brighter than V = 16. For these stars we determined color excesses E Y −V , interstellar extinctions A V and distances d by the following equations:
where the observed magnitudes V and color indices Y -V are from Table 2 of Paper I, the intrinsic color indices (Y -V ) 0 and absolute magnitudes M V for a given spectral type are from Straižys (1992) . The absolute magnitudes have been adjusted to a Hyades distance modulus of 3.3 mag. The results are given in Table 1 which gives the star number in the catalog of Paper I, the coordinates, the observed magnitude V and color index Y -V , the accepted spectral type, the interstellar extinction A V and the distance d. For the designation of spectral classes we use the lower-case letters to indicate that they are obtained by photometric classification. 
DISTRIBUTION OF INTERSTELLAR EXTINCTION
The plot A V vs. d for stars in the area is shown in Figure 2 . The three dotted curves correspond to A0 V (or K0 III), A5 V and F0 V stars at the limiting magnitude V lim = 16.0. The stars of these spectral types (and absolutely fainter) above the corresponding curves due to limiting magnitude are missing. Thus, the plot cannot be used for estimating both the mean and the maximum extinctions in the cloud directions. More details about the selection effects in the A V vs. d diagrams are given in Zdanavičius et al. (2009a) . In the upper part of Figure 2 the error bars of the distance and A V are shown for the two distance values (500 pc and 2 kpc). They correspond to an absolute error of ± 0.1 mag in A V , ± 0.5 mag in M V and (-20, +26) % in the distance. Figure 2 also shows a segmented curve corresponding to the exponential extinction law for the Galactic latitude b = +15.5
• , calculated by the Parenago formula with the extinction coefficient A V = 1.25 mag/kpc and the half-thickness of the dust layer β = 0.11 kpc (Parenago 1945; Sharov 1963; Straižys 1992, p. 146 ). The curve is in agreement with the distribution of low-extinction stars.
The front edge of the dust clouds of the Cepheus Flare can be estimated from the position of stars located at a steep rise of the extinction. Since some of these Fig. 2 . The dependence of the extinction on distance for the whole area. The three dotted curves show the limiting magnitude effect for A0 V, A5 V and F0 V stars. The A0 V curve is also valid for K0 III giants. The lower segmented curve is the dependence of the extinction on distance for the Galactic latitude +15.5
• calculated by the Parenago formula (see the text). The error bars correspond to standard deviations of the distance and the extinction at 0.5 kpc and 2 kpc distances. The dotted vertical line marks the estimated distance of the dust clouds at 286 pc. stars can have negative distance errors, the true distance to the cloud should be larger than the distance to the reddened stars apparently closest to the Sun. The true distance can be found as a positive absolute magnitude error ∆M V = +0.5, the cloud distance should be at 380 × 0.8 = 304 pc. Probably, the true distance of the cloud is somewhere between the two estimated values, i.e., at (268 + 304)/2 = 286 pc, with 1σ = ± 20 pc.
The investigated area is quite heterogeneous with respect to the amount of the extinction. This is well seen in the SkyView blue and red DSS2 charts with the increased contrast, as well as in the Dobashi et al. (2005) atlas. In Figure 1 we delimited three subareas -two most transparent regions in the upper part of the area, and the area containing dust clumps of the TGU 619 cloud. Panels (a) and (b) in Figure 3 show the dependence of A V on d in these subareas. All the remaining stars, located in the regions of intermediate extinction, are plotted in panel (c) .
No significant differences in the distance in these four subareas can be noticed. Also, the additional jump of the extinction at d = 715 pc, found in the direction of NGC 7023 (Zdanavičius et al. 2009a) , does not appear in the direction of the TGU 619 cloud. The largest extinction found in the direction of this cloud is close to 3 mag, but this is not a real maximum value since the stars with larger extinctions are absent in our sample due to the limiting magnitude effect.
DISCUSSION AND CONCLUSIONS
In this investigation we described the results of the investigation of interstellar extinction in the direction of the dark cloud TGU 619 (Dobashi et al. 2005 ) located in the Cepheus Flare. The distribution of extinction in the ∼ 1.5 square degree area is quite complicated -in some directions the extinction is relatively low, with the A V values of 0.5-1.5 mag even at large distances. In these regions the lower envelope of the star distribution is in agreement with the mean exponential Parenago law for the galactic latitude b = 15.5
• . In the direction of the TGU 619 clumps the extinction is so large that even in the Palomar atlas no stars are seen. The found maximum value of extinction at 3 mag corresponds only to the edges of the dust cloud which is found to be at a distance of 286 ± 20 pc. This distance should be somewhat larger if at least one of the three stars, on which the distance is based (Nos. 496, 678 and 1188), is unresolved binary.
In our earlier investigation , the distance to the same cloud group was determined by a similar method but using photoelectric photometry of brighter stars (V between 9 and 12) in a larger area, with the extinction values A V between 0.45 and 1.5 mag. The obtained distance, 325 pc, was the average value for 10 stars concentrating within 240-380 pc. Since some of these stars can be located behind the clouds, this distance could be overestimated. Only four of these stars are present in our CCD catalog, so the verification of the result of 1992 is problematic. However, both results are within the error box (see also a discussion on the cloud distances by Kun et al. 2008) . Probably both the TGU 619 cloud and the NGC 7023 cloud investigated in by Zdanavičius et al. (2009a) are at similar distances.
We find no evidences for the presence of the second extinction jump at 715 pc, suspected in the direction of NGC 7023 (Zdanavičius et al. 2009a ). This our result is in agreement with the velocity distribution of the CO molecular line emission at ℓ = 102.5
• shown in Fig. 2 by Grenier et al. (1989) , where only the low velocity component is present.
